The immune system, its cellular and humoral response, is engaged by the host organism to fight against parasitic infections. The study group consisted of 90 patients (58 women and 32 men), aged 18-72 years, infected with G. intestinalis. The diagnosis was established based on laboratory investigations (stool examination, choloscopy, GSA-65). Blood for analysis was collected before (G1), and 2 weeks (G2) and 2 months (G3) after antiparasitic treatment. Control group consisted of 40 healthy subjects (22 women and 18 men), aged 20-45 years. The concentrations of IgE were assayed using a set of VIDAS (bioMerieux) and the concentrations of IL-5, IL-6, IFN-γ were determined using a set of Quantikine human (R&D Systems). It was revealed that in giardiosis the concentrations of IgE and IL-5 in blood serum were twice as high, the concentration of IL-6 was two and a half times higher and the concentration of IFN-γ was almost four times higher as compared to healthy controls.
Introduction
Parasitic infections in the body are the source of foreign antigens and exotoxins that trigger local or systemic inflammatory processes [1, 2] . Antibody-dependent cell cytotoxicity, in which eosinophils act as the effector cells, is the major antiparasitic defence mechanism. A few mechanisms are involved in this antibody-dependent antiparasitic immunity, causing blockade of the receptor on the parasite's surface, inducing parasite damage through activation of the complement system, or increasing IgE production. Jimenez et al. [3] , who studied the effect of treating mice with excretory and secretory G. intestinalis antigens, observed elevated levels of total IgE as well as systemic and local stimulation of IgA secretion, both due to IL-6 production. Earlier, Zhou et al. [4] found that IgA plays a crucial role in G. intestinalis infection, since IL-6 regulates its production [5] . IL-6, a factor that regulates defense mechanisms, is involved in the immune response, inflammatory reaction and haematopoiesis. It stimulates the synthesis of acute phase proteins in the liver and activates progenitor cells of bone marrow, differentiation of megakaryocytes and production of blood platelets. Incubation of blood platelets with IL-6 conditions the increase in platelet cytotoxicity to Schistosoma mansoni larvae [6] . In mice with giardiosis the level of IL-6 was elevated and IFN-γ production by CD4+ lymphocytes was increased [7] . IL-5 produced by Th lymphocytes (mainly Th2) is involved in the induction of the increase and differentiation of B lymphocytes, cytotoxic T lymphocytes, basophils and eosinophils. IL-5 stimulates proliferation and differentiation of their precursors, their degranulation and production of oxygen reactive compounds. It exerts a chemotactic effect on eosinophils and induces eosinophilia [8] .
Intracellular bacterial and parasitic pathogens, e.g. Toxoplasma gondii, strongly stimulate macrophages to produce IL-12 [9] . IL-12 stimulation enhances IFN-γ production by Th1 lymphocytes and this is a major mechanism in anti-infectious immune response directed against protozoa (T. gondii). in vitro, IL-12 increases apoptosis of eosinophils. The proinflammatory action of IL-12 may be the result of its stimulatory effect on the production of inflammatory proteins MIP-1α and MIP-1β [10] . Concomitant administration of IL-5 and IL-12 eliminates eosinophilic apoptosis, thus suggesting that these two interleukins have antagonistic effects on each other [11] .
According to some authors, in response to Giardia antigen T lymphocytes release lymphokines, and mast cells release cell mediators, prostaglandins and kinine protease. Sometimes giardiosis is asymptomatic (carrier state). High invasiveness of G. intestinalis was noted in cases with IgG and IgA deficiency [2, 12] .
The study objective was to find out whether G. intestinalis infection affects immunization parameters, and whether the antiparasitic treatment applied alters these parameters?
Materials and methods
The study involved 90 patients (58 women and 32 men, aged 18-72 years) infected with Giardia intestinalis, who were hospitalized in the Observation-Infectious Diseases Department or admitted in the Outpatient Department. Giardiosis was diagnosed based on the clinical picture, parasitological examination of faeces, enzyme immunoassay of faeces for detection of specific protein GSA-65 and microscopic examination of duodenal contents. The patients were treated with Metronidazol (c. 10 days), Tinidazole (2 days), cholagogues (Cholestil, Cholamide) and bioregulators of physiological intestinal flora (Lakcid). Blood for analysis was collected prior to treatment (G1), two weeks after antiparasitic treatment (group G2 -60 patients -41 women and 19 men) and two months after termination of treatment (group G3 -43 patients -33 women and 10 men).
Control group (C) consisted of 40 healthy subjects (aged 20-45 years), including 22 women and 18 men. All the parameters examined in study group and control group, with regard to age and gender, were subjected to statistical analysis. According to the Guidelines for Good Clinical Practice all the patients gave consent for participation in the study. Venous blood collected for clot was the material for analysis.
Total IgE level was determined in 100 μl serum using ELFA, on an immunoserological analyzer VIDAS with a set of reagents (bioMerieux). The set contains conjugate (mouse anti-IgE monoclonal antibody conjugated with alkaline phosphatase), rinsing buffer (sodium phosphate, pH=7.4) and substrate (4-methyl umbelliferyl phosphate 0.6 mmol/l). Human IgE combined with horse serum and metakresol (1.4 g/l) acts as a control sample and a calibrator. The sensitivity threshold of the method is 0.5 KIU/l.
Interleukin 5 (IL-5) was determined in 200 μl serum using ELISA method with a set of Quantikine human IL-5 (R&D). Microplatelets with wells containing mouse anti-IL-5 monoclonal antibodies were used for assays. The rule of the test -specific anti-IL-5 antibodies which coat the wall of the microplatelet well are bound to IL-5 found in the serum examined. The reaction between the antibodies and IL-5 generates sandwich-type immunological complexes. The number of bound complexes is the measure of serum IL-5 level. The next stage is IL-5 binding to peroxidase. The activity of bound peroxidase is determined photometrically after addition of hydrogen peroxide solution and chromogen. The sensitivity threshold of the method is below 3.0 pg/ml.
Interleukin 6 (IL-6) was determined in 200 μl serum using ELISA method and Quantikine High Sensitivity human IL-6 kit (R&D). Microplatelets, in which wells contained mouse anti-IL-6 monoclonal antibodies, were used for assays. The rule of the testspecific anti-IL-6 antibodies which coat the wall of the microplatelet well are bound to IL-6 found in the serum examined. The reaction between the antibodies and IL-6 yields sandwich-type immunological complexes. The number of bound complexes is the measure of serum IL-6 level. The next stage is IL-6 binding to alkaline phosphatase. The activity of bound alkaline phosphatase is determined after addition of NADPH, which is reduced to NADH.
NADH acts as a specific cofactor activating redox-type reactions. In diaphorase-catalyzed reaction NADH reduces tetrazole salt to formazane and NAD + . NAD + is reduced by ethanol in the reaction catalyzed by alcohol dehydrogenase. Colour reaction is proportional to IL-6 reaction. The sensitivity threshold of the method is below 0.094 pg/ml.
Interferone γ (IFN-γ) was determined in 100 μl serum using ELISA method and Quantikine human IFN-γ kit (R&D). Microplatelets with wells containing mouse anti-IFN-γ monoclonal antibodies were used for assays. The rule of the test -specific anti-IFN-γ antibodies which coat the wall of the microplatelet well are bound to IFN-γ found in the serum examined. The reaction between the antibodies and IFN-γ produces sandwich-type immunological complexes. The number of bound complexes is the measure of serum IFN-γ. The next stage is IFN-γ binding to peroxidase. The activity of bound peroxidase is determined photometrically after addition of hydrogen peroxide solution and chromogen. The sensitivity threshold of the method is below 8.0 pg/ml.
Results
The findings revealed that in patients infected with G. intestinalis (group G1) the mean IgE level almost twice exceeded the control value, the differences being statistically significant (p<0.05). The antiparasitic treatment (groups G2 and G3) only slightly changed the host immunization status (Table 1) .
In patients infected with G. intestinalis (G1), the mean levels of IL-5 and IL-6 were statistically significantly higher as compared to those noted in healthy subjects (p<0.001) ( Table 1) . After the antiparasitic treatment (G2), the IL-5 concentration was statistically significantly reduced, while IL-6 level increased. However, 2 months after termination of treatment (group G3) both IL-5 and IL-6 concentrations underwent a further decrease compared to G1, but only for IL-5 the difference was statistically significant (Table 1) .
In patients infected with G. intestinalis (G1), the mean IFN-γ level was almost four times higher than in healthy subjects (C). After the antiparasitic treatment (groups G2 and G3), the mean IFN-γ level was slightly reduced as compared to the values obtained for G1, without statistical significance (Table 1) .
Discussion
It has been well documented on animal models that G. intestinalis may impair the host immune response. In humans, the infection causes a reduction in IgG and IgA antibodies. Since IgA is involved in the elimination of G. intestinalis from the alimentary tract, it seems to play an important role in the immune response [2, 13] .
Elevated IgE level is a manifestation of increased immunization of the host organism in G. intestinalis infection. The IgE level in the infected patients was higher than in healthy subjects and reduced upon application of antiparasitic treatment. Although IFN-γ inhibits IgE production, it was not observed in our patients with G. intestinalis infection.
Studies of other authors have shown that in G.
intestinalis infection the levels of total and specific IgE become elevated [14] . According to Di Prisco et al. [14] , there exists an allergic type affecting only approximately 2% of patients, with increased synthesis of serous IgE and eosinophilia. IgE induces the cytotoxic functions of platelets through Fc RII/CD23 low affinity receptor for IgE [15] . Souza-Atta et al. [16] have observed eosinophilia and a rise in the level of circulating IgE in the course of intestinal parasitic infection (with e.g. Ascaris lumbricoides). Cooper et al. [17] , studying patients infected with A.lumbricoides have found in vitro a statistically significant increase in the concentrations of IL-4 and IL-5 produced by peripheral blood mononuclear cells (PBMC). This confirms the findings reported earlier by Mahanty et al. [18] , who observed increased levels of IgE and eosinophilia in patients infected with helminths, and a rise in IL-4 and IL-5 production in vitro.
The levels of IL-5 and IL-6 in the course of giardiosis were found to be higher than in control group. The treatment applied had no effect on IL-6, but caused a slow normalization of IL-5. Although IL-6 stimulates production of CRP, we observed no increase in the level of this protein in giardiosis.
The cytotoxic activity of eosinophils increases under the influence of cytokines released by mast cells, lymphocytes and macrophages (TNF-α , GM-CSF, IL-5). Also macrophages, neutrophils and blood platelets show a cytotoxic action against parasites coated with antibodies [19] . A statistically significant increase in the activity of peroxidase released form eosinophils was induced by IL-2, IFN-γ and GM-CSF. IL-2, like IFN-γ, triggers the release of IL-6 from eosinophils.
Many authors point at the changes in the levels of immunological parameters in parasitic diseases. A considerable increase in IFN-γ and IL-5 concentrations was observed in severe Schistosoma mansoni infection [20] . Also Onchocerca volvulus infection can cause the immune response from IFN-γ and IL-5. Reaction to microphilaria antigens is particularly sudden in the early stage of the infection [21] . Brattig et al. [22] observed a rise in the levels of IL-5 and IL-13 as the response to the administration of the extract soluble O.volvulus antigen. These levels were higher in the culture performed in blood samples collected from healthy subjects and significantly lower in patients infected with microfilaria, indicating that the intensity of O.volvulus infection affects the levels of IL-5 and IL-13. In patients infected with Plasmodium falciparum, possessing LSA 1 (liver stage antigen 1), the production of IL-5, IL-10, IFN-γ and TNF-α is stimulated [23] . Also in the course of neurocysticercosis (study performed in the cerebrospinal fluid) the levels of IL-5 and IL-10 are statistically significantly elevated [24] .
A report on mice experimentally infected with nematoda Trichinella spiralis and Nippostrongylus brasiliensis shows that parasitic infections induce the immune and inflammatory response. This response is mediated by cytokines released from Th2 cells (IFN-γ and IL-5) [25] . IFN-γ is produced by activated Th1 cells in the course of allergy development and shows a suppressive action towards synthesis and release of IgE. Through the induction of the production of reactive oxygen and secretion of hydrogen peroxide, IFN-γ stimulates intracellular killing of parasites by macrophages [26] . However, Touil-Boukoff et al. [27] have shown that the defense mechanisms in echinococcosis first of all involve IFN-γ and IL-6.
Many authors have estimated the effect of IgE, TNF, IFN-γ , IL-6 and C-reactive protein on the cytotoxicity of blood platelets in the course of schistosomosis [6, [28] [29] [30] [31] [32] . It has been known that the release of toxic substances by platelets depends on the presence of IgE and specific antigens found in a soluble form or on the parasite [34] . Thermal inactivation of IgE causes disappearance of cytotoxic properties of blood platelets, which regain their lost potentials only in the presence of IgE [35] . According to King and Nutman [36] as well as Pritchard [37] , parasites (schistosomes and tapeworms) produce and secrete proteases, enzymes that stimulate IgE synthesis and eosinophilia 95 through the effect on Th2 lymphocytes. On the other hand, by affecting Th1 cells, they regulate and stimulate the production of IgG1, IgG3, activation of the complement system and bacterial phagocytosis. Activation of Th1 and Th2 is strongly connected with the production of specific isotypes of immunoglobulin.
Both our own findings and literature data seem to indicate that parasitic invasions induce immune and inflammatory response, with the involvement of blood platelets and release of IFN-γ , IL-8, TNF-α and IL-5 [25, 38] .
Conclusions
Increased levels of IgE, IL-5, IL-6 and IFN-γ in giardiosis indicate considerable immunization of the host organism. Antiparasitic treatment in giardiosis statistically significantly reduces the levels of IL-5 and IL-6.
